Summary.
Apoptotic cells were histochemically demonstrated by the TdT-mediated biotinylated dUTP nick end-labeling (TUNEL) method in formalin-fixed and paraffin-embedded sections of the human endometrium and placental villi. In 53 endometrial biopsy specimens, labeled nuclei were identified in 16 samples showing a desquamating change, associated with menstruation, functional bleeding or adenocarcinoma.
Cells in the normal proliferative and secretory phases were unlabeled. The labeled nuclei in the gland and stroma corresponded well to the so-called apoptotic bodies. Placental tissues at various stages of gestation were obtained by spontaneous abortion, intrauterine fetal death or normal delivery. Syncytiotrophoblastic cells in an early gestational stage (7-12 weeks) and in the term placenta were focally labeled, and the labeled cells possessed pyknotic nuclei and densely eosinophilic cytoplasm. In the early gestational chorionic villi with marked hydropic degeneration or in hydatidiform mole, the stromal cells were frequently labeled. Villous cells in coagulation necrosis (infarction) also revealed strong signals. The apoptotic bodies were not recognizable histologically in these labeled villi. The placenta at the 20th to 33rd week of gestation lacked labeling. From a technical point of view, it should be noted that cells in the foci showing ischemia or coagulation necrosis were labeled positively.
Apoptosis defined as energy-dependent programmed cell death is biochemically characterized by DNA fragmentation. Microscopically, apoptosis is associated with a peculiar nuclear change ultimately forming apoptotic bodies. Apoptosis, a physiological process in the control of cell kinetics and for the extinction of forbidden lymphocyte clones in the thymic cortex, is known to be induced by various pathological stimuli such as irradiation and heat (KERR et al., 1972; BUJA et al., 1993; CARSON and RIBEIRO, 1993; WILLIAMS and SMITH, 1993) .
The terminal deoxynucleotidyl transferase (TdT)-mediated biotinylated dUTP nick end-labeling (TUNEL) method was developed by GAVRIELI et al. (1992) for the histochemical demonstration of apoptotic cells in tissue sections, including routinely prepared paraffinembedded specimens. This technique, theoretically dependent upon the presence of fragmented DNA in the affected nuclei, has so far been applied to a variety of normal and pathological tissues (ANSARI et al., 1993; GORCZYCA et al., 1993; GOLD et al., 1994; KASAGI et al., 1994; SAKURAGI et al., 1994) .
In the present histochemical study, we tried to identify apoptotic cells in normal and pathological human endometrium and placenta. It should be carefully noted that the nuclei in areas of ischemia or necrosis (infarction) were also positively labeled by this sequence. Such a positive reaction is particularly precautious when human pathological tissues are used for the evaluation of apoptosis.
MATERIALS AND METHODS

Tissue specimens
Endometrial biopsy samples were obtained form 53 females aged 24-69 years, all subjects visiting the outpatient clinic for the evaluation of infertility or functional bleeding. In every case, clinical information on the menstrual cycle and hormone therapy was reviewed before making the final histopathological diagnosis. The diagnoses were as follows: normal proliferative phase (8 cases) ; normal secretory phase (12 early cases, 5 mid and 9 late) ; menstrual phase (13th postovulatory=premenstrual day or later, 4 cases) ; abnormally desquamating endometrium (with proliferative features, 5 cases; with secretory features, 1 case; with cystic glandular hyperplasia, 3 cases; and with deciduoid stromal reaction, 1 case); abnormal endometrium without desquamating change (cystic glandular hyperplasia, 2 cases; deciduoid stromal reaction, 1 case); and endometrial adenocarcinoma (2 cases). Unbuffered 10% formalin-fixed and paraffin-embedded step sections were prepared. A part of 10 representative specimens were snap-frozen. Frozen sections were prepared on a cryostat, fixed in buffered 4% paraformaldehyde for 10 min, and processed for the TUNEL sequence.
A total of 27 placental tissues obtained either by spontaneous abortion (7-12 weeks, the first trimester, of gestation: 11 cases), at the time of autopsy of intrauterinely dead fetuses (20-33 weeks, the second and third trimesters: 11 cases), or by normal delivery (39-41 weeks, the term: 5 cases) were routinely prepared for consecutive paraffin sectioning. The age of the mothers ranged from 24 to 43 years. Chorionic villi in the first trimester often revealed varying degrees of hydropic degeneration. Focal necrosis or infarction was not rarely observed in the first trimester and term materials. Nine curettage specimens of hydatidiform mole, frequently associated with foci of necrosis, were also examined.
Histochemistry
The TUNEL method was performed according to the original description by GAVRIELI et al. (1992) . Minor modification included the addition of 1% gelatin in the final reaction mixture. For the staining using 
RESULTS
Endometrium
Of 53 biopsy specimens examined, 16 showed positive nick end-labeling in the nucleus. All positive specimens revealed features of desquamation (dissociation of the glands and crumbling of the stromal cells) in either the glandular epithelial cells, stromal cells or both. The diagnoses included menstruation, functional bleeding and adenocarcinoma.
The positive signals were sporadically seen within the desquamative area, and corresponded, without exception, to the apoptotic bodies in the hematoxylin and eosin preparation. Non-desquamating endometrial tissue specimens, including those with abnormal features such as cystic glandular hyperplasia or deciduoid stromal reaction, lacked signals. Figure 1 demonstrates the positive labeling of epithelial and stromal cells in cystic glandular hyperplasia (an example of functional bleeding due to an anovulatory cycle).
The nick end-labeling pattern and cell number in the comparative paraffin and frozen sections were within equal ranges.
Placenta
Clusters of syncytiotrophoblastic nuclei were positively labeled in all the first trimester placenta. When compared with the hematoxylin and eosin preparation, the labeled cells possessed highly pyknotic nuclei and densely eosinophilic cytoplasm (Fig. 2) . Fibrinous exudation and cellular debris were frequently recognized on the surface of these cells. A similar nuclear labeling pattern of syncytiotrophoblasts was also focally seen in all the specimens of hydatidiform mole and in four of the five term placentas. In the second and third trimesters (20-33 weeks of gestation), there was no labeling. The chorionic villi in the first trimester occasionally showed marked hydropic degeneration. In two cases, mildly pyknotic nuclei of the stromal cells in the hydropic villi were labeled focally (Fig. 3) . The stromal cells were also unevenly labeled in all the specimens of hydatidiform mole. One characteristic was the strongly positive reaction in the chorionic villi (in the early gestation, in hydatidiform mole, or at term) showing apparent coagulation necrosis or anemic infarction (Fig. 4) .
Features of apoptotic bodies were hardly identified in any of these consecutive hematoxylin and eosin stained chorionic villi. 
DISCUSSION
The TUNEL method is able to label the 3'-OH end of double stranded DNA breaks in the apoptotic cells in routinely prepared paraffin sections (GAVRJELI et al., 1992) . In fact, apoptotic bodies in the desquamating endometrial tissues (menstruation, functional bleeding or cancer) showed specific signals. The sensitivity of the method in paraffin sections did not appear to be significantly different from that using frozen sections.
It has been reported that apoptosis plays an essential role in controlling the physiological cell kinetics in the female reproductive organs and tissues, such as the endometrium (HOPWOOD and LEVISON, 1976; ROTELLO et al., 1989; GoMPEL et al., 1994) , ovarian follicles (TILLY et al., 1991) , and the regressing decidua (GU et al., 1994) .
In contrast, the present analysis targeting the chorionic villi demonstrated: 1) focal labeling of syncytiotrophoblasts with pyknotic nuclei and densely eosinophilic cytoplasm in the early stage of gestation, hydatidiform mole or in the term placenta; 2) labeling of pyknotic stromal cells in the early stage placental villi with marked hydropic degeneration or in molar villi; and 3) diffuse and dense labeling in foci of necrosis or infarction in the early, molar or term placenta. When compared with the hematoxylin and eosin stained preparations, cytologic features of the so-called apoptotic bodies were not discernible at these sites. Degenerative changes and fibrinous exudations were also recognized in conditions 1) and 3). These findings strongly suggest that the TUNEL sequence labels not only the apoptotic cells but also necrotic cells or degenerative cells in ischemic lesions. The labeling of necrotic cells by the TUNEL method has already been pointed out in a detailed experimental study by GOLD et al. (1994) , but they emphasized the usefulness of the method for the detection of apoptotic cells, in combination with the in situ nick translation technique using DNA polymerase I. Our emphasis is on precautions for the pitfalls of this histochemical technique, particularly when archival human pathological tissues are employed. The possibility of necrosis or ischemia should be carefully ruled out in any case. A brief description on the syncytiotrophoblastic labeling in the early and term placentas was recently presented by a Japanese group, but they regarded the positivity as apoptosis without comparing it with cytological changes (SAKURAGI et al., 1994) . Moreover, it should also be considered that autolysis or postmortem change may accelerate DNA fragmentation, and the velocity of autolytic DNA ladder formation differs from tissue to tissue (IsHIBUcHI et al., 1991) . Appropriate handling is essential for application of this histochemical technique and evaluation of the results.
We recently described sporadic p53 protein (over)-expression in syncytiotrophoblastic cells in the paraffinembedded early gestational placenta and hydatidif orm mole (YASUDA et al., 1995) . p53 protein is known to play a critical regulatory role in apoptotic cell death (RYAN et al., 1993) . It is possible that the TUNEL technique, useful screening histochemistry for apoptosis, can detect an apoptotic process within lesions which have classically been regarded as necrosis. In this sense, further detailed evaluation for possible apoptosis must be sought in conditions 1) and 2).
